The phylogenetic position of Pseudidae has long been a matter of debate. Savage and Carvalho (1953) , when erecting the family, considered these frogs closely related to Leptodactylidae. Currently, Pseudidae is suggested to form a clade with Hylidae and Centrolenidae based primarily on the presence of intercalary elements between phalanx II and III (Burger 1954 , Cochran 1955 , Gallardo 1961 , Griffiths 1963 , Cei 1980 . Using morphological characters to reconstruct the phylogeny of the subfamilies of Hylidae, Duellman (2001) found Pseudidae to cluster within the Hylidae; however, this placement should be taken with caution because no leptodactylid was included in this analysis. Haas (2003) suggested that Pseudidae is paraphyletic with respect to Hylidae (Hylinae). While no specific analysis regarding this question is presented, we prefer to consider Pseudidae as a separate clade.
Adults of the six species of the genus Pseudis vary between 24.5 and 61.7 mm in snout-vent length (SVL) and are considerably smaller than their tadpoles. For example, P. paradoxa tadpoles can reach 270 mm in total length (Bokermann 1967) . No other anuran species have tadpoles of a comparable size (Emerson 1988) . In a recent revision of the genus Pseudis, Caramaschi and Cruz (1998) recognized P. bolbodactyla Lutz 1925 and P. fusca Garman 1883 as valid species and described a third species, P. tocantins, based on specimens from the middle Tocantins river flood plain, Brazil. Pseudis tocantins is known only from the type locality in Porto Nacional Municipality, Tocantins state, Brazil (Caramaschi and Cruz 1998, Frost 2002) . Pseudis fusca is referred to the Jequitinhonha river basin on the northeast part of Minas Gerais state and South of Bahia state, Brazil (Caramaschi and Cruz 1998) . Pseudis bolbodactyla occurs in flood plains of the São Francisco, Doce, and Paraguai rivers (Caramaschi and Cruz 1998, Feio et al. 1998) .
Although the phylogenetic and biogeographic knowledge of the group has recently increased, there is little information about the ecology of Pseudis and nothing is known regarding P. bolbodactyla. Herein we present data on diet, habitat use, and antipredator behavior from a population of P. bolbodactyla in central Brazil.
Material and Methods
Our study site was a ca. 180 m 2 artificial pond (max. depth = 3 m) located 6 km west of the city of Pirenópolis, state of Goiás, Brazil (15°15'13" S, 48°57'48" W; 720 m). About 40% of the pond surface was covered with aquatic vegetation composed mainly of plants from the families Cyperaceae, Poaceae, and Xyridaceae. Macrophytes were also abundant.
The pond was formed by the damming of a small creek that flows into the Almas river, a tributary of the left margin of the Tocantins river.
We made four visits of two to four days each to the study site in April, June, and December 1998, and January 1999. To quantify the activity of P. bolbodactyla, we marked 44 2 x 2 m squares in the pond with bamboo sticks, 36 partially or totally covered with vegetation and 8 in open water. For each individual observed, we recorded the point of observation, behavior (vocalizing, foraging, or motionless), body position in the water, and time. We collected 18 individuals throughout the study period for use in morphological and dietary analyses. Specimens were preserved in 10% formalin, transferred to 70% ethanol, and deposited in the herpetological collection of the Universidade de Brasília (CHUNB). Using digital calipers, we measured the following variables to the nearest 0.01 mm for each individual: snout-vent length, tibia length, foot length, arm length, hand length, mouth length, head length, head width, and head height, following Heyer et al. (1990) (Table 1) .
Fourteen of the 18 stomachs analyzed contained prey items. We identified prey items to the lowest taxonomic level possible and measured their length and width to the nearest 0.01 mm with digital calipers. For each prey category, we also calculated frequency, numerical importance, and volumetric importance. Prey volume was estimated through the ellipsoid formula: V = π (length x width 2 )/6.
Niche breadth was calculated through
Simpson's diversity index according to the formula:
where pi is the proportion of records of category i.
Observations on the ecology of Pseudis bolbodactyla on the water surface and anchor themselves to the vegetation by holding branches and leaves with their hands, in a characteristic manner (Figure 1). Like other species of the genus, the polex is opposable (Burguer 1954), allowing the animal to hold on to branches while remaining motionless with only the eyes, nostrils, and tympanum out of the water. This position not only ensures a visual perception of the outer environment, but also allows individuals to monitor the water through vibrations on the branches to which they are anchored. When a certain level of undulation in the water is sensed in one of the branches, the animal promptly flees by sinking in the water and swimming away.
Discussion
According to Cei (1980) , the diet of Pseudis paradoxa consists of aquatic insects and amphibians. In Corrientes, Argentina, the diet of P. paradoxa was dominated numerically by Diptera and volumetrically by Anura (Duré and Kehr 2001) . In P. cardosoi feces, Kwet (2000) found several insects such as Orthoptera, Homoptera, Coleoptera, Odonata, and Heteroptera (Naucoridae). Although the populations of P. bolbodactyla and P. paradoxa compared herein showed no significant difference in niche breadth, prey size and prey volume, their diets differ qualitatively. In P. Duré and Kehr (2001) studied the diet of P. paradoxa in Corrientes, Argentina. For comparison purposes, the table of prey types presented by these authors was used to calculate Simpson's niche breadth for P. paradoxa. We then used t tests (two tailed) to test for differences in niche breadth, prey number, and prey volume between P. bolbodactyla and P. paradoxa (Brower and Zar 1984, Zar 1996) . For all tests, α was set at 0.05.
Results
The occurrence of Pseudis bolbodatyla at Pirenópolis represents a considerable species' range extension, and one of the highest altitudes recorded for a pseudid.
The diet of Pseudis bolbodactyla consisted of 10 prey categories (Table 2) . Coleoptera, Heteroptera (Hemiptera), Homoptera (Hemiptera), Orthoptera, and Plecoptera were eaten in equal numbers. The most frequent diet items were non-aquatic true bugs (Heteroptera), beetles (Coleoptera), grasshoppers (Orthoptera, Acrididae), and small cicadas (Homoptera). In volume, the most important items were grasshoppers, bees (Hymenoptera), spiders (Aranae), and true bugs (Heteroptera).
Niche breadth of Pseudis paradoxa (4.588) was smaller than niche breath of P. bolbodactyla (8.007); however, this difference was not significant (t = -0.571; p > 0.05). Differences in prey number (t = -0.793; p = 0.437) and volume (t = -0.654; p = 0.520) detected between species were not significant, although P. paradoxa ingested a large number of Diptera and larger prey, such as Anura.
Pseudis bolbodactyla vocalized and foraged during both day and night. During the day, individuals remained in the vegetated area of the pond, congregating in the area with denser vegetation. At night, individuals were more dispersed throughout the pond, but the number of individuals observed in the vegetated area (76) was much larger than in the open water (4).
At rest, individuals of P. bolbodactyla float bolbodactyla, diurnal plant-associated insects such as Orthoptera, Hymenoptera, and Homoptera were more represented numerically than Diptera, which was common in P. paradoxa. Also, although 17 other anuran species were observed in our study site, there were no frogs in the stomachs of P. bolbodactyla.
Diurnal plant-associated insects like true bugs, grasshoppers, and small cicadas, were the main prey categories of Pseudis bolbodactyla, both numerically and volumetrically. Bees found in the stomachs (Apis mellifera and one Meliponinae) where probably ingested when getting water on the pond surface or after falling into the water. Only winged adults of aquatic insects (Plecoptera and Tricoptera) were ingested, corresponding to a small fraction in volume (1.83%) and frequency (20.7%). An aquatic species of Acari was also recovered. Pseudis bolbodactyla has a generalist and opportunistic diet, which may be related to its sit-and-wait predatory behavior.
Nocturnal and diurnal activity seems to be common in the genus Pseudis. Similar to P. bolbodactyla, other species such as P. cardosoi (Kwet 2000) and P. tocantins (Brandão and Péres Jr. 2001 ) also are active during day and night. Male P. paradoxa start calling in late afternoon and early evening, but also call during the day after rains (Dixon et al. 1995) .
Our data show that the presence of aquatic vegetation is essential for the occupation of the pond by Pseudis bolbodactyla. Aquatic vegetation is used for foraging (as seen by the volumetric and numerical importance of vegetation-associated insects in the diet) as well as protection against predators. Other Pseudis also appear to depend on the presence of aquatic vegetation to colonize ponds (Savage and Carvalho 1953 , Gallardo 1961 , Morales and Chandler 1992 , Dixon et al. 1995 , Bosch et al. 1996 , Sá and Lavilla 1997 , De la Riva 1999 , Kwet 2000 , Brandão and Péres Jr. 2001 , Duré and Kehr 2001 , Arias et al. 2002 . Our field site had four ponds in total, two with vegetation and the two without. P. bolbodactyla were only found in the ponds with aquatic vegetation.
The behavior of anchoring to the vegetation described herein has also been observed in Pseudis tocantis (Brandão and Peres Jr. pers. obs.) . The movements of stems can be caused by predators approaching the frog from both the surface and underwater. Pseudis bolbodactyla can therefore sense not only terrestrial and aerial predators, but also aquatic ones such as snakes, turtles, caimans and fishes. Hence, observers studying this species should move with extreme caution in order to disturb the water as little as possible. During the day, P. bolbodactyla is less tolerant to approach thus making capture difficult. Potential predators of adults and tadpoles observed in the study pond were wolf fish (Hoplias sp.), water opossum (Chironectes minimus), herons (Syrigma sibilatrix, Casmerodius albus, Nycticorax nycticorax), buff-necked ibis (Theristicus caudatus), water snakes (Liophis reginae), and side-necked turtle (Phrynops gibbus).
The study pond also had a high abundance of leeches (Oxyptycus brasiliensis and Hementaeria lutzi) that attacked several other anurans and were even able to predate small species, such as Scinax fuscomarginatus (Brandão and Garda 2000) . In spite of living in the water, none of the observed P. bolbodactyla showed signs of attack by leeches.
